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Ten species of Chrysanthemum in broad sense or of six genera in narrow sense in the 
Artemisiinae, the Anthemideae, the Compositae, collected in highlands in Gansu, Qinghai 
and Sichuan Provinces, China, were chromosomally studied. The interphase chromo¬ 
somes of complex chromocenter type, prophase chromosomes of interstitial type and 
basic chromosome number of x=9 were common to all the species examined, but the 
karyotypes showed some intergeneric differences. 

(Continued from J. Jpn. Bot. 70 : 85-94, 1995) 


Among the members of Chrysanthemum in 
broad sense taxonomically placed in the tribe 
Anthemideae Cass. (Compositae) (Bremer and 
Humphries 1993),AchilleaL.,AjaniaPo\]dk.ov, 
Brachanthemum DC., Dendranthema (DC.) 
Des Moul., Elachanthemum Ling & Y. R. 
Ling, and Tanacetum L., all in narrow sense, 
can be seen in highlands of Gansu, Qinghai 
and Sichuan Provinces, China. They could be 
biosystematically and genetically closely re¬ 
lated to each other because some combina¬ 
tions among them hybridize in nature or under 
artificial conditions (e.g., Tanaka and 
Shimotomai 1978). Additionally, the mono- 
typic Elachanthemum previously placed in 
Artemisia (Ling and Ling 1978) is considered 


to be a bridge between Ajania and Artemisia 
L. (Yang unpublished). Thus, they should be 
chromosomally examined to clarify their 
cytotaxonomic relationships. 

Extensive chromosome investigations on 
wild Chrysanthemum in broad sense in China 
began in 1989 in a Japanese-Chinese joint 
research (e.g., Nakata et al. 1991a, 1991b, 
Tanaka 1992). Members of Chrysanthemum 
in broad sense always showed the basic chro¬ 
mosome number of x=9 (e.g., Kondo et al. 
1992, Kondo and Tanaka 1996). This paper is 
the sixth of our research series on Chinese 
Chrysanthemum in broad sense. 
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Materials and Methods 

The plants and seeds of Ajania fruticulosa 
(Ledeb.) Poljakov, A. khartensis (Dunn) Shih, 
A. latifolia Shih, A. myriantha (Franch.) Ling 
ex Shih, A. nematoloba (Hand.-Mazz.) Ling & 
Shih, Brachanthemum pulvinatum (Hand.- 
Mazz.) Shih, Dendranthema glabriusculum 
(W.W. Smith) Shih, Elachanthemum 
intricatum (Franch.) Ling & Y.R. Ling, 
Phaeostigma salicifolium (Mattf.) Muld. and 
Tanacetum falcatolobatum Krasch studied 
were collected in highlands of Gansu, Qinghai 
and Sichuan Provinces, China (Table 1). They 
were cultivated in pots in the conservation 
garden of the Laboratory of Plant Chromo¬ 
some and Gene Stock, Faculty of Science, 
Hiroshima University. Voucher specimens are 
deposited at the Laboratory of Plant Chromo¬ 
some and Gene Stock, Faculty of Science, 
Hiroshima University. 

Root tips were harvested and pretreated in 
0.002M 8-hydroxyquinoline at 18°C for 1.5 
hours. They were fixed in 45% acetic acid at 
4°C for 15 minutes, following which they were 
hydrolyzed in a 2:1 mixture of 1N-HC1 and 
45% acetic acid at 60°C for 12 seconds, and 
squashed in 1% aceto-orcein. 

Karyomorphological classification of in¬ 
terphase and mitotic prophase chromosomes 
followed Tanaka (1971). The karyotype for¬ 
mula of each species was based on chromo¬ 
some characters of ten somatic metaphase 


cells. The position of the centromere of chro¬ 
mosome followed Levan et al. (1964): Arm 
ratio was calculated by long arm/short arm. 
Values of 1.0-1.7 were grouped as chromo¬ 
somes with median centromeres; 1.8-3.0 sub¬ 
median centromeres; 3.1-7.0 subterminal 
centromeres; and 7.1 or more terminal 
centromeres. 

Results and Discussion 

Common characteristics of karyomor- 
phology were observed in the chromosomes 
at interphase and mitotic prophase, respec¬ 
tively, in all the genera of Chrysanthemum in 
broad sense studied here (Figs. 1 and 2) and 
elsewhere (Kondo et al. 1992, 1995, Kondo 
and Tanaka 1996): The interphase nucleus 
was of the complex chromocenter type and the 
mitotic prophase chromosomes was of the 
interstitial type, which was characterized by 
the chromocenters, i.e. the heterochromatic 
segments located in the proximal region as 
well as in the interstitial and distal regions of 
most of the chromosomes of the complement 
(Figs. 1 and 2). 

The chromosome numbers and karyotypes 
in ten highland species of Chrysanthemum in 
broad sense or six genera in narrow sense in 
the Chinese Anthemideae are shown in Figs. 3 
and 4. No microphotographic figure of chro¬ 
mosomes of Ajania nematoloba was shown 
because its highest chromosome number of 


Table 1. Localities, identification numbers and chromosome numbers of some highland species of 
Chrysanthemum in broad sense from Gansu, Qinghai and Sichuan Provinces, China 


Species 

I.D. No. 

Chromosome 
No. (2n) 

Locality 

Ajania fruticulosa 
(Ledeb.) Poljakov 

10-8-1 

36 

Qinghai Province: Xunhua Co., 
Xiatanzhuang, Huanghe Valley 
alt. 1,720 m 


10-10-3 

36 

Qinghai Province: Tongren Co., 
Bao’anxiang Xiegou, alt. 2,300 m 


10-12-2 

36 

Qinghai Province: Jianzha Co., 
Zhiganglaka, Xialijia, alt. 2,100 m 
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A. khartensis (Dunn) Shih 

10-11-2 

54 

Qinghai Province: Tongren Co., 
Guashize, alt. 3,500 m 

A. latifolia Shih 

15 

36 

Gansu Province: Wen Co., 
Caopingliang, alt. 2,150 m 

A. myriantha (Franch.) Ling 
ex Shih 

10-7-1 

18 

Qinghai Province: Pin’an Co., 
Guchenxiang shibi, alt. 2,840 m 


10-7-3 

18 

Qinghai Province: Hualong Co., 
Gandu Valley, alt. 2,550 m 


10-8-2 

18 

Qinghai Province: Xunhua Co., 
Dongshaogon, Huanghe Valley, 
alt. 1,710 m 


10-8-3 

18 

Qinghai Province: Xunhua Co., 
Mengda, Tianci 


10-11-1 

18 

Qinghai Province: Tongren Co., 
Shuangpengxi Forest, 
alt. 2,950 m 

A. nematoloba 
(Hand.-Mazz.) Ling & 

Shih 

10-8-1 

72 

Qinghai Province: Xunhua Co., 
Xiatanzhuang, Huanhe 

Valley, alt. 1,720 m 

Brachanthemum 
pulvinatum (Hand.-Mazz.) 

Shih 

10-8-1 

18 

Qinghai Province: Xunhua Co., 
Xiatanzhuang, Huanghe 

Valley, alt. 1,720 m 

Dendranthema 
glabriusculum 
(W.W. Smith) Shih 

26 

54 

Sichuan Province: Zhaojue 

Co., alt. 1,950 m 

Elachanthemum intricatum 
(Franch.) Ling et Y.R. Ling 

10-12-1 

18 

Qinghai Province: Jianzha 

Co., Kanbula, alt. 2,150 m 

Phaeostigma scilicifolium 
(Mattf.) Muld. 

10-9-1 

18 

Qinghai Province: Xunhua 

Co., Mt. Dalijiashan, alt. 

2,920 m 


10-10-2 

18 

Qinghai Province: Xunhua 

Co., Gangcagou, alt. 2,650 m 


10-11-1 

18 

Qinghai Province: 

Tongren Co., Shuang-pengxi 
Forest, alt. 2,950 m 

Tanacetum falcatolobatum 
Krasch 

10-7-4 

18 

Qinghai Province: Hua 

Long Co., Gandu Valley, 
alt. 2,350 m 


10-10-3 

18 

Qinghai Province: 

Tongren Co., Bao’anxiang 
Xiegou, alt. 2,300 m 


10-12-2 

18 

Qinghai Province: Jianzha 

Co., Zhiganglaka, 

Xialijia, alt. 2,100 m 
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Fig. 2. Karyomorphology of three species of Chrysanthemum in broad sense. A-C. 
Dendranthema glabriusculum. D-F. Elachanthemum intricatum. G-I. Phaeostigma 
salicifolium. A, D and G. Interphase nuclei. B, E and H. Mitotic prophase chromo¬ 
somes. C, F and I. Mitotic metaphase chromosomes. Bar=10 ^um. 


karyotypes of Ajania fruticulosa, A. myriantha, 
Phaeostigma salicifolium (formerly Ajania 
salicifolia (Mattf.) Poljakov), and Tanacetum 
falcatolobatum (formerly Cancrinia 
maximowiczii C. Winkl.) have already been 
described (Kondo et al. 1995, Kondo and 
Tanaka 1996). 

The plants of Ajania fruticulosa studied 
here had a karyotype with 2n=36 (Fig. 1A), 
which was different from the diploid karyo¬ 
type with 2n=18 in the plants collected in 
Lanzhou City, Gansu Province (I.D. No. 92- 
38-1) (Kondo and Tanaka 1996). The Qinghai 
plants 10-20 cm tall were smaller than the 
Lanzhou plants 20-40 cm tall. The former 
plants propagate rapidly by adventitious bud¬ 
ding on roots while the latter plants propagate 
rapidly by rooting from the nodes of the stems 
touching the ground. It has not yet been clari¬ 
fied whether the karyotype with 2n=36 in A. 
fruticulosa was originated from the diploid 


karyotype of the species with 2n=l 8 by simple 
chromosome doubling or by hybridizing. 

Ajania myriantha in Qinghai populations 
showed only diploid (2n=18) (Fig. ID). This 
species has been reported previously to have 
two cytotypes with 2n=18 (diploid) and 36 
(tetraploid) (Kondo and Tanaka 1996). 

Ajania khartensis (hexaploid, 2n=54) was 
very similar in creeping growth habit to A. 
tenuifolia (tetraploid, 2n=36, Kondo et al. 1992) 
but different in chromosome number. 

Ajania fruticulosa had the karyotype of 
2n=36=l 6m+8sm+l sm sat +8st+3st sat , A. 
khartensis 2n=54=30m+1 m sat +9sm+8st+6st sat , 
A. latifolia 2n=36=15m+10sm+7st+4st sat , A. 
myriantha 2n=l 8=6m+8sm+2st+2st sat , 
Brachanthemum pulvinatum 2n=l 8=12m+ 
6sm, Dendranthema glabriusculum 2n=54= 
18m+28sm-i-2st-i-6st sat , Elachanthemum 
intricatum 2n=18=8m+6sm+4st sat , Phaeo¬ 
stigma salicifolium 2n=18 = 10m+4sm+ 
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Fig. 3. Chromosome alignments in six species of Chrysanthemum in broad sense. A. 
Ajaniafruticulosa (2n=36). B. Ajania khartensis (2n=54). C. Ajania latifolia (2n=36). 
D. Ajania myriantha (2n=l 8). E. Brachanthemum pulvinatum (2n=l 8). F. Tanacetum 
falcatolobatum (2n=18). Bar=10 jjm. 
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lst+3st sat and Tanacetum falcatolobatum 
2n=18=13m+lsm+3st+lst sat (Figs. 3 and 4). 
The karyotypes of the diploid plants of Ajania 
and Phaeostigma studied here agrees perfectly 
with Kondo and Tanaka’s (1996) statement 
that the diploid plants of the two genera may 
show a common karyotype with 14 median- or 
submedian- and four subterminal-centromeric 
chromosomes. The karyotype of Qinghai plants 
of Tanacetum falcatolobatum (Fig. 3F) was 
exactly the same as the Gansu plants (Kondo et 
al. 1995, Kondo and Tanaka 1996). The karyo¬ 
type of Elachanthemum intricatum, which was 
formerly treated as Artemisia intricatum 
Franch., also showed the same karyotype as 


the diploid plants of Ajania and Phaeostigma. 
Among the taxa studied here, Brachanthemum 
pulvinatum had more symmetric karyotype 
than the other genera (Fig. 3E) and Phaeostigma 
salicifolium had the karyotype with the largest 
chromosomes in length (Fig. 4C). Numbers of 
satellites visualized by orcein-staining here 
ranged from 0 to 4 in the diploid (2n=18) 
species, 4 in the tetraploid (2n=36) species, 
and from 6 to 7 in the hexaploid (2n=54) 
species (Figs. 3 and 4), although exact counts 
of satellites in Chrysanthemum in broad sense 
should be made by our technique (Kondo et al. 
1996) of the fluorescence in situ hybridization 
(FISH). 
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Fig. 4. Chromosome alignments in three species of Chrysanthemum in broad sense. 
A. Dendranthema glabriusculum (2n=54). B. Elachanthemum intricatum (2n= 18). 
C. Phaeostigma salicifolium (2n= 18). Bar=10 pm. 
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Karyomorphological similarities in inter¬ 
phase and mitotic prophase chromosomes, the 
same basic chromosome number of X=9 and 
karyotypic similarities especially among the 
diploid taxa in Chrysanthemum in broad sense 
in the tribe Anthemideae studied here sug¬ 
gested that they would be closely related and 
could be placed in the same genus. Further 
experiments such as interspecific and 
intergeneric crossability, FISH and genomic 
in situ hybridization (GISH) of the chromo¬ 
somes, should be expected to clarify relation¬ 
ships among the species and genera in Chry¬ 
santhemum in broad sense. 

This project was funded in part by the 
Monbusho International Scientific Research 
Program: Joint Research (No. 06044160; Rep¬ 
resentative: K. Kondo) of the Japanese Minis¬ 
try of Education, Science, Sports and Culture 
for 1994-1996. This paper was contributed 
from Laboratory of Plant Chromosome and 
Gene Stock, Faculty of Science, Hiroshima 
University (Contribution No. 54). 

Endnote 

'^Present address: Tsukuba Botanical Garden, 
National Science Museum, Amakubo 4-1-1, 
Tsukuba, 305-0005 JAPAN. 
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latifolia (2n=36= 15m+ 10sm+7st+4st sa '), A. nematoloba 
(2n=72, Brachanthemum pulvinatum 
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